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Description 

The present Invention is concerned with coatings 
for nozzles used in ink jet printing. 

IBM Technical Disclosure Bulletin, Volume 26, 
No. 1, June, 1983, p. 431, shows the use of fluoro- 
epoxy coating for ink jet nozzles. 

IBM Technical Disclosure Bulletin, Volume 20, 
No. 12, May, 1978, p. 5233, shows the use of an un- 
saturated silane to promote the adhesion of tetrafiu- 
orethylene to a substrate. 

USP 4,091,166 teaches coating a plastic surface 
with a plasma of boron trifluoride mixed with an or- 
ganic monomer. 

USP 4,125,152 teaches coating a substrate with 
plasma-polymerized fluroethylene monomer. 

USP 4,226,896 shows the plasma deposition of a 
polymer film containing a metal. 

USP 4,252,848 shows glow discharge deposition 
of perfluorinated polymers in the presence of a per- 
fluorocycioalkane. 

USP 4,391,843 shows glow discharge formation 
of a perfluorinated polymer film in the presence of 
nitrogen. 

Description of the Invention 

In ink jet printing, nozzle plates are used which 
have silicon surfaces. Wetting of the surfaces by 
the ink solution causes failure of the ink jet and 
overall poor printing characteristics. The present 
invention provides a coating for ink Jet nozzle 
plates which results in clearly Improved perform- 
ance. 

According to the present invention, the ink jet 
nozzle plate is coated with a film which comprises 
two ingredients. One ingredient is a partially fluori- 
nated alkyi silane and the other ingredient is a per- 
fluorinated alkane. The silane compound and the al- 
kane compound are preferably deposited on the 
nozzle surface by direct exposure of the surfaces 
to radio frequency (RF) glow discharge. It is most 
preferable that the coating have an epitaxial grada- 
tion in its chemical composition with the silane de- 
creasing in concentration going away from the noz- 
zle plate and the alkane increasing in concentration 
going away from the nozzle plate. 

In another variation of the present invention, the 
silane may be deposited as a separate layer next to 
the nozzle plate and the alkane deposited as a sepa- 
rate layer over the silane layer. 

The films deposited according to the present in- 
vention are smooth, continuous and featureless. 
They have excellent adhesion and wear resistant. 
The films are not removed by the conventional 
Scotch tape test and do not delaminate when the 
sample is fractured. Rubbing the samples with a wet, 
soft sponge for 20,000 passes did not wear away 
the film, although some roughening of the surface 
was observed with some films. The films are hydro- 
phobic and have a contact angle with water of 104 
degrees and a critical surface energy of 16 ergs 
per square centimeter. The films are stable to soak- 
ing in distilled water and an ink solution at 60°C. 
There was no evidence of delamination or cracking. 



The contact angle values (with water) of the films 
which were soaked in distilled water or black ink 
were unchanged during 33 days of soaking and re- 
duced to 94 degrees after 54 days at 60°C. The 
5 critical surface energy did not change. 

Prefer^ Embodiment 

A film was prepared in a chamber maintained at 

10 65°C. The jet nozzle surface was directly exposed 
to RF glow discharge into which was introduced a 
mixture of argon and trifluoropropyimethyldimethox- 
ysilane. After the initial film growth, perfluoropro- 
pane was introduced into the chamber in increasing 

15 amounts until the partial pressure of the three gas- 
es was about 150 microns. The glow discharge was 
maintained using an aluminum target and power in- 
puts of 10-20 Watts. The pressure of the argon and 
the trifluoroproplmethoxysilane was 25 microns 

20 each and the perfluoropropane, introduced after 
the intial film depostion, was about 100 microns. 

In a variation of the present invention, instead of 
perfluoropropane, a polymer from hexafluoroethyl- 
ene can be used, or a polymer from tetrafiuorometh- 

25 ane or perfluorocycloalkane. Alternative silane 
compounds include perfluoropropoxypropylmethyl- 
dichlorosilane and dexamethyldisiloxane. 

Jet nozzle plates prepared according to the 
present invention meet all the criteria for good us- 

30 age. The films are adherent, wear resistant and 
have low surface energies. Furthermore, they are 
stable to water and the ink solutions for long times, 
such as 1,000 hours at 60°C. 

35 Claims 

1. An Inkjet nozzle plate characterized by having 
a coating of a film which comprises a partially fluori- 
nated alkyl silane and perfluorinated alkane. 
40 2. A nozzle plate as claimed in claim 1 wherein 
there is an epitaxial gradation in the composition of 
the film. 

3. A nozzle plate as claimed in claim 1 or 2, where- 
in the silane compound is distributed within the coai- 
45 ing with the silane decreasing in concentration going 
away from the nozzle plate, and the alkane com- 
pound is distributed in the coating with the alkane in- 
creasing in concentration going away from the noz- 
zle plate. 

50 4. A nozzle plate as claimed in claim 1, 2 or 3 in 
which the silane compound is present as a separate 
layer next to the plate, and the alkane compound is 
present as a separate layer on top of the silane lay- 
er. 

55 5. A nozzle plate as claimed any one of claims 1 to 
4, wherein the partially fluorinated alkyl silane is tri- 
fluoropropylmethyldimethoxysilane. 

6. A nozzle plate as claimed in any one of claims 1 
to 5, wherein the perfluorinated alkane is perfluoro- 

60 propane. 

7. A nozzle plate as claimed in any one of claims 1 
to 6, wherein the coating has been deposited by ra- 
dio frequency (RF) glow discharge. 

65 
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PatentansprQche 

1. TlntenstrahldQsenplatte, dadurch gekennzeich- 
net, daB sie eine Beschichtung aus einem Rim auf- 
weist, welcher ein teilfluoriertes Alkylsilan und ein 5 
perfluorfertes Alkan umfaBt. 

2. DOsenpiatle nach Anspruch 1, bei welcher elne 
epitaxiale Abstufung der Zusammensetzung des 
Films vortiegt. 

3. DOsenplatte nach Anspruch 1 oder 2, bei wel- 10 
cher die Silanverbindung in der Beschichtung so 
verteilt ist, daB die Silankonzentration mit Entfer- 
nung von der DOsenplatte abnimmt, und die Alkan- 
verbindung so in der Beschichtung verteilt ist, daB 

die Alkankonzentration mit Entfernung von der DO- 15 
senplatte zunimmt. 

4. DOsenplatte nach Anspruch 1, 2 Oder 3, be] 
welcher die Silanverbindung als eigene Schlcht fol- 
gend auf die Platte zugegen ist und die Alkanverbin- 
dung als eigene Schicht auf der Siianschicht zuge- 20 
gen ist. 

5. DOsenplatte nach irgendeinem der AnsprOche 
1 bis 4, bei welcher das teilfluorierte Alkylsilan Tri- 
fluorpropylmethyldimethoxysilan ist. 

6. DOsenplatte nach irgendeinem der AnsprOche 25 
1 bis 5, bei welcher das perfluorierte Alkan Perflu- 
orpropan ist. 

7. DOsenplatte nach Irgendeinem der AnsprOche 
1 bis 6 V bei welcher die Beschichtung durch eine 
Hochfrequenz-(RF)-Glimmentladung abgeschieden 30 
worden ist. 

Revendications 

1. line plaque de buse pour jet d'encre, caracteri- 35 
see en ce qu'elle comporte un rev§tement d'un film 
comprenant: 

un silane alkyle partiellement fiuord et un alcane 
perfluor§. 

2. La plaque de buse de la revendication 1, pr£- 40 
sentant une gradation epitaxiale de la composition 

du film. 

3. La plaque de buse de la revendication 1 ou 2, 
dans laquelle ie compose silane est distribu§ & I'inte- 
rieur du revetement avec la concentration du silane 45 
diminuant au fur et a mesure que Ton s'Slolgne de la 
plaque de buse, et ie compost alcane est distribuS 
dans Ie rev§tement avec la concentration de I'alca- 

ne croissant au fur et & mesure que i'on s'6loigne de 

la plaque de buse. 50 

4. La plaque de buse de Tune des revendications 
1, 2 ou 3, dans laquelle Ie compost silane est pre- 
sent sous forme d'une couche distincte situSe con- 
tre ia plaque et Ie compost alcane est present sous 
forme d'une couche distincte situee au-dessus de la 55 
couche de silane. 

5. La plaque de buse de Tune des revendications 
1 k 4, dans laquelle Ie silane alkyle partiellement fluo- 
r§ est Ie trifluoropropylm&hyldimSthyloxysilane. 

6. La plaque de buse de Tune des revendications 60 
1 k 5, dans laquelle I'alcane perfluor6 est ie perfluo- 
ropropane. 

7. La plaque de buse de Tune des revendications 
1 k 6, dans laquelle Ie revetement a 6t§ depose par 
d6charge incandescente radio-fr§quence. 65 
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